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Using 108 strains of Vibrio parahaemolyticus isolated from seawater, we investigated ampicillin-resistance profiles
and the genetic characterization of -lactamase (VPA0477). All of the strains studied, except one strain, were resistant
to ampicillin. However, the strain that was susceptible to ampicillin had the same (-lactamase gene as the ampicillin-
resistant strains. We compared B-lactamase promoter region sequences among five strains, including both ampicillin-
resistant and -susceptible strains. In the susceptible strain, a nucleotide at position -19 in the methionine initiation
codon for B-lactamase was not present in the ampicillin-resistant strains. The genes in the region containing the gene
VPA0477 were present in all of the tested strains, and LA-PCR analysis showed that the distance between VPA0474
and VPA0479 in all of the V. parahaemolyticus samples was precisely 5.7 kb. In V. parahaemolyticus B3-lactamase,
four important structural features that are conserved in Class A B-lactamases were present in the deduced amino acid
sequences. Taken together, our study demonstrates that V. parahaemolyticus B-lactamase is included in the Class A B-
lactamase group, and some nucleotides within the promoter region are of particular importance for B-lactamase activ-

ity.
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H|HZ] Q9] gjiEo H o-r_ Jo]th(Sakazaki et al., 1968; Honda
and Iida, 1993). o] o] AJAksl= A Q] HYeA =4

& AJ-8-8 E(thermostable direct hemolysin, TDH), Y EAl-&4&
= 42188 5(TDH-related hemolysin, TRH), serine protease
q type III secretion systems (TTSS 1 E+= 2)E 53 £+
2% effector Tl So| BaLElo] gloLt ABa HUA v
UzZof st AL o} R & tro] B35 A o|tl(Honda and
Tida, 1993; Lee et al., 2002; Makino et al., 2003; Park et al.,
2004; Kodama et al., 2007; Kodama et al., 2008).

YA W ol Tkt SR AL At 2o
A5, Aol % 457 So) BAow AgHT gk o]
FAAe] A%, Qpalole] Ael W Ang Sfote] PAAE
Aol WAL kg WA o8 4719 BAle st o)
o} 44hg0 2 AHGE A7) FAA O] AHETE 20056 275E
& g o A8 HaAolu} 20081 T AFETES: 104
o ob i FAYA] AHERES A7) ohth. 21 AME AR T
HH A A2 oxytetracycline, erythromycin, amoxicillin, A3}
&, ciprofloxacin, ampicilling=0]tHNVRQS, 2009). *|4:2]0]
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Table 1. Primers used in this study

Amplicon

size (bp) Reference

Target gene Oligonucleotide sequence

o
g
o
L)
{

Table 2. Ampicillin-resistance and minimum inhibitory con-
centration (MIC) of Vibrio parahaemolyticus isolated from
seawater

5'-AAAGCAAGGATCCCTATGAC-3'

VPAGMB5 o MRCOMICONTOOCTSACY 254 Thisstudy
VPADAT0 o, T oy 356 This study
VPADATA O S, 321 Thisstudy
VPADATY o T ey 322 Thisstudy
VPADB4 O A 302 Thissstudy
VPAouge 5-ATTGTGTTCACTTACGTTAT3 21 Thisstudy

5'-ACGTTGGCCACCATGATAAT-3'

VPA0477 5'-TTTAGTTTTTCTAGCGTAATG-3'
promoter 5'-TAACTAACAGTTGAGCAAACC-3'

5'-AAAGAACGAAGAACACCACGC-3'
5'-CTTGGTTGCTCGAGTTCGAGC-3'

VPA0474 5'-AGAAAGAGTAATCCAATGCG-3'
~VPA0479 5'-TATGCCTGCGAATGGGGCGA-3'

263  This study
VPAO477 894  This study

5,744  This study

3L o] YA AR = QIRE oFA] of ol A o YA A
2 27} FA|o|th(Son et al., 2003; Son et al., 2005; Lee et al.,
2007; Oh et al., 2008; Lee et al., 2009; Yu et al., 2010). Trim-
ethoprime]] WAl-S Ve = AFgdu]Ea] 2= classs I integron
Woll EA5k= dfiA27 72k ©J8f trimethoprimof W& 1t
EFiH, classs T integron Y ofl+= gentamicin} rifampin®] Uj4
o Tofsh= FAAE 23t E o] itk A AR} Z| ol Har
E 9 th(Yu et al., 2010).

B-lactamase(EC 3.5.2.6)+ penicillins, cephamycins, car-
bapenems 51} 22 B-lactamA| gAY A 9] B-lactam ring= 7|2
O ZH S A= T aa g 1940d0] A
O & tigtol A AR ol egdol= FH ARt AltolAl 1
Aol e A Qlet. B-lactamase= ofr| =4t B ol &Jsf Class
A, B, C, D 4% 5F =2 EF3}al ¢Jth(Massova and Mobashery,
1998). Class B+= &4] 5410 Zn2* o] Q)+= metallo-enzyme©| A|
Tk, Class A, C&} D= /44590 Al X7]& 2L Sl 84
o]th(Massova and Mobashery, 1998). B-lactam7] A =2-2
7h2 Aule] A7 W 4GRS sk AR A7AR wol Ak
%31 Qlth. B-lactamA| FAYEA 5 ampicillin 4] o] 7] &
A8Z, e oZ AHATIE D o =etE o] o 1 X
=], 1232 amoxicillin 4] o 7-8] 17k AW, 18 34
o, FAAS E A Y oY 2 7ol FH A AR
3! QJth(Lambert and O'Grady, 1992). Genome sequence”} 2+
R¥ A9H|E 2] 9 RIMD2210633 ol 4] ampicillin £3)-5-
73] B-lactamase 2} 4574 0] Q= FAAHVPAOATT)= 2
HAA of) ZARITFAL HarE]of QIAIRE 11 {2 o] Tk s Al
A9 = AAgolth & AFolAl= s FHHlEe] e
ampicillin W4J profile & ] A1F8-2) |4 = (minimum inhibi-

MIC to ampicillin (ug/mL) Ratio (%)
2,048 22/108(20.4)
1,024 65/108(60.2)
512 19/108(17.6)

128 1/108(0.9)

<2 1/108(0.9)

tory concentration, MIC)E A E3}I o0, o} ol whet
ampicillin®] Tt MIC7} t}2 o]-3-E B-lactamase (VPA0477)
of gatate] 1412 Fa) AEst e

Mz W Y

NERZ Y Ao}
Agef 4

8- = 2008 R E] 20101 0] A& AT
3 5ol A Belat gelulnee 1087 25 2 A #5
2= genome sequence’} $h= ¥ A4 H| 2] 2 RIMD2210633
(Makino et al., 20032 M3t} G474 Zafol @A
o] ®3-=291 Escherichia coli DH5 o & AFE-3}Qith S-&42} %
ztof| Ag-gt 245 JAF = Takara (Japan)ALS] A|&-& AHS
5142, plasmid DNA A A+ Qiagen (USA)AFS] QIAprep
Spin Miniprep Kit& A3} t}. Ampicillin, carbenicillin, ce-
fotaxime, cephalothin, oxacillin & penicillin-G 5-2] 3HIA+=
Sigma (USA)AFO] A& AHE-3HI T

DNA 5Z& primer set

Al%]of| A-&3F DNA %2 primers= Table 1] YeR QL
t}. Genome sequence’} £k % Z¢IH| = 2] 9 RIMD2210633
o+59] G AR €714 D& F5}e] Bioneer (Dagjon, Ko-

rea)o]] 1% L4519}
ZAEFAX SE=(Minimum Inhibitory Concentration,
MIC) &H

MIC+= =|=+ NCCLS (National Committee for Laboratory
Standards, 2002)®¥ o] 7] %3}o] Wl o g =Xl HHH
Muller-Hinton broth (Merck, Germany)o]| 5x=5 2|3l am-
picilling H715t 5 HE AFA ] jA2 2 mLA BF
3tk o 7)o Aledo] 3% 7 7}= Luria-Bertani (LB) brotho]
A R Al S uld Eske] 35T ollA 18417F A
WOk F B4 o Soko R SHelshct.
VPAO477 QXX ¥ D20 FHo| 224 2 EI (ML
24K
=2O

Table 19| et primers 3 2} wt52] A H 4444 DNA
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Table 3. Minimum inhibitory concentrations(MIC, ug/mL) of B-lactams of Vibrio parahaemolyticus isolated from seawater

Strain Ampicillin Carbenicillin Cefotaxime Cephalothin Oxacillin Penicillin-G
Strain 3 2,048 2,048 <2 4 64 2,048
Strain 10 1,024 2,048 <2 4 64 2,048
Strain 41 512 1,024 <2 4 64 1,024
Strain 61 126 512 <2 4 64 512
Strain 17 <2 16 <2 4 32 8
Strain 8 2,048 2,048 <2 4 64 2,048
Strain 8 AVPA0477 <2 2 <2 4 32 <2
RIMD2210633 1,024 1,024 <2 4 64 1,024

Table 4. Distribution of the genes in the up- and down-stream containing the VPA0477 gene in Vibrio parahaemolyticus isolated

from seawater

Strain VPA0453 VPA0470 VPA0474 VPAO477 VPA0479 VPA0484 VPA0486
Strain 3 + + + + + + +
Strain 10 + + + + + + +
Strain 41 + + + + + + +
Strain 61 + + + + + + +
Strain 17 + + + + + + +
Strain 8 + + + + + + +
RIMD2210633 + + + + + + +

S 590 95T A 357 A WA 3 95C 302, 55T 30
Z%,72C 18-% 303] ¥Hgsto] DNAE 335130t $-54ka2
pT7Blue T-vectore] TA cloningd}$l o™, ¥7| A FL error 5
A% $lstel 374 cloneS AHg31o] 9% WaFo R 97| HAS
ARzt d7)4 <99 alignment= CLUSTAL W32 138
ARgel o, AsAl A2 NCBI (http://www.ncbi.nim.nih.
gov/BLAST)E F5to] AA|5k3.

Long accurate PCR (LA-PCR)

VPA0477 GAAE 23H3E oF 5.7 kb2] DNA $Z2 LA-
PCR Kit (version 2; Takara Shuzo, Japan)E AFE-51% 2™ LA-
PCR 1H-8-2 95°C ol 4 357+ & HAJ3E % 98°C 202, 58°C 30
%, 68°C T2 303] WHERE th5 upA|Uf o2 72°C oA 10 1
3] AlAFelSITE S22 % DNA AHE-2 0.8% agarose gelof| 4] 7]
%= 2 ethidium bromide= 43} Th

o -
Za W D

si=~22| HFHIE2[22] ampicillintid & MIC &3

2008 F-E] 2010W71A] HetE e Fobat F4THe] 53
SoflA E2leh du|He] e 1087 ol ti$t ampicillintf
A F] 2SO Al s E(MIC)E =43 A= Table 20| LE}
uiglck Ag ol AR&-gt 10871 3 % ampicillino]] 7HpAS L
Pl FF= 170 F520.9%) 01, U A 1077 o+52(99.1%)+=
F AR A5 0] Z}o]= Q) At ampicillin®] A4S LrEfY
It} Table 20 LreRH vk} Zro] 2,048 ug/mL o] MICE UHet

@
ke

= e 2270 #5(20.4%) 0], 1,024 pug/mLe] MICE 1+
B o= 657 & AA| 2] 60.2%F A5G 512
ug/mLe] MICE Yeh &= 5= 197 F5+(17.4%) STt 256
ug/mLe] MICS Uehjis #2 gl3lom], 17] #2:(0.9%)%=
128 pug/mL 2] MICE YeR QItt E3T 128 ug/mL 0]3}2] MIC
2 Uk #5 24154 919k 1,024 p/ml o 4pe]
WAL Vel s 5= AA) 1087)] o5 = 877) w157(80.6%)
2 - =2 HlES AXSHAL QG o] Aib= Aol { Y
o= 2] AHu|H Y= Y¥HA OS2 ampicilline] 114
<= UBHAL Qloke 719 Hael A 9] fAReE Axkolth(Son
et al., 2003; Lee et al., 2007; Lee et al., 2009; Lee and Park,
2010). 2|+ B 22| 2.9 ampicillin WA ol T sh= 7504+
= o] 79| 22 FAA o] EAsH= VPA04TT= Bl th(Lee
and Park, 2010). wf2bx] 10871 5zol thst VPA0477 5-A R}
G5F-= dot blot hybridization 2 PCR assay 2 &1t A7} 413
off AR8-3E 1087 & FoflA] FAd o2 EIE Sl th(data not
shown). =HA| %= ampicillin 7F=4 #3Fo A = VPA047T
AA7E EAfRchs A& o9 olele] Ajo|], VPAMTT $71
A2 B43h 9Lo WA= ampicillinol 744 et of
S VPAG4TT §287h] Holof ofat A} weluhA o] &
A& <} B-lactamase o] ¥ o] M & E7F581AY E5E-5}]
ampicillino]] 7H=/3-& UepdllchaL Sk o).

B—lactam| 2 dxlof cist MIC

27 o] B-lactam Hring)S 71 FAELS FH5H] b-
lactam) FAEo|e} ek, BlactamA] FAEDeli= 6742
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e MEKLFLLWVEL MV CSTVEYAS HLHEDISLIE KOQTSGRIGVE VHWDTQTDHEEREW DYRESGDERFPL
VE MEKLFLLAGL MVWCETLEYSSE QLHEDISLIE QOQTSERIGVE VWDTOTDERW DYRGDERFPL
WH MEKLEFLLLGL LACSSATYAR HELFNEDISATITE EHISGRIGVS VHWHNTOQTDDHW DYRGDERFPM
VFE MEIKPFLFGEL IVLANNAIAG SLTQHIEATIE LSSGGYIGYVS VLHNTETHETW AYKGDOQEFPM
WP TFHETITLACA THMLSEDMDSGEK LHENATAKID ERNIVVWSPEY MDELAGRDSTR IEHACEASAMI
VE TFHTLACA THMLEDMDSGEK LSENATAKID ERSIVVWEPY MDELAGRSTE VEHACEAAMIL
H TFHETLACA THMLSDMDHMEK LDENATAKYE ERMMVVWSPY MDEMAGQTTE IEHACEATHML
VE TFHETLACA FMLYDESVGEE IDEYHETTSEIT KEQIMPMNEPYV TEPLIGHMIT TOHACEATHMI
VE LHETGGFEAY TQFLESIGDE ATRLODELEFE FGDKEE DTTTFHAMVIT
VE LMETGSGPELRY TMFLESIGDE ATRLODELEFPE TPEDHE DTTTFMAMVH
WH LESIGGFRGYV TTFLESVGDEK ATRLDRFEFER PGDEE DTTTPHAMVIT
VFE LHEIGGPSSL TQFLEAMGDT KTRLDEIEFPE FHGDEERE DTTTEVAMSQ
vE TLHTLMEDNA LEYESRTOLN THMODMEWED SLMERSVLPHGE ST SR8 MNYSSRGAT SAM
VE TLETLIEGET LSYESREVQLE IMFMDDHNEVSD SLMESVLEPTE WSI GhiEe GHESRGINATIL
WH TLHTLLEGDA LEYESREIQLE IMMDDIEYVSED SLMESVLEFEG WSI GhG GEGSRGITAM
VFE TLHALLFGHNT LHNSQDEQTLE SHMMHMHTEVED PLLESILPHND WSI GRS GFGERGITAR
wVE IWEFDIIKEPVY ISIYVIDTDL SLOARDOLIA QISQOLILEHY KES

VE TWEENHRPVY ISIYVTETEL SLOARDOLTA QISQLILOEY EDHN

H TWHEMHEETIY ISIYITETDL SLOARDQTTA QWVEQLILDEY MNTI

VE ITWHDEHQPIT ISIYLTQTEL DHMAERNQVIYV EVGHAIFKEF KIN

Fig. 1. Amino acid sequence alignment of the B-lactamases of Vibrio parahaemolyticus, Vibrio sp. Ex25, V. harveyi and V. fisheri.
Conserved amino acid regions important for catalytic function of B-lactamases are boxed. A 19-aa signal peptide is indicated by
underlined and italic style. VP, V. parahaemolyticus; VE, Vibrio sp. Ex25; VH, V. harveyi; VF, V. fisheri.

7157 =, penam, cephem, carhapenem, oxapenam, penem
2 monobactam =22 & U} B-lactam?| SAYEZ 0] 3}
Al AU Fol B/ A= penicilling FH = YIS A Q=
o], Alato] A9 Hdoll Test= A A (transglycosidase,
transpeptidase, carboxypeptidase, endopeptidase 5)of =]
How 2g gomA YRATE ehirks mEol o}
(Highton and Hobbs, 1971; Tomasz and Waks, 1975). Table 2
ofl LFERW vk} 22o] A1l ] 0.4 Brlactam ] G4 0] 7
2291 ampicillino] CFoFet MICS Upehan 9)7] o] che
T79 B-lactam#| 3HE= Aol gk MICE H =53 THTable
3). ARE-31 B-lactam 7] HAY-E2 o] += carbenicillin, cefotaxime,
cephalothin, oxacillin & penicillin-G 5 55 AMESI S

F%L ampicilline] 217} T2 MICE Upehj= 215 g %
Hu| B @ 9 VPA0477 A<+ (Lee and Park, 2010)5 AR
stoith 71 Aut Aol AR 87l HE 5+ cefotaxime 2
cephalothin®f] <2 pg/mL ¥ 4 pg/mLe] MICE UEljo] oA
&, VPA0477 AéoF 9 ampicillin 7F4=4 o-5=(strain 17)7F
o] Zpol= A3 ¢lict E3 oxacilline] tfdt o E 2] MIC=
64 pg/mLQ1 WHH VPA0477 A4t 9 ampicillin 74 «
0] MICE 32 pg/mLo.2 Uehgront 2 Aol girkaL vt
Ht}. Carbenicillin ¥ penicillin-G= ampicillin} 7] 2] §-A}SH
IS UEtSlth o E 5= o5 = WS v

B AR VPAO477 At 2 ampicillin 744 o= 31
9& YeRY STt o5 Aib= B-lactam A FAY=Z ] F7oll
w2 MIC ¥ 7HpA %27} o2 0= Vibrio harveyi®] A2
Tk} SAFSH(Teo et al., 2000). A8 E 8] 2 VPA04T7 &4
A= ampicilling Z3FeE U B-lactam 7| FAYE2 5 carbeni-
cillin 2 penicillin-GF= 7] 0] AR MIC sjE1-S Lhehf gl
g o= ol& FAAS 7=l A FAsH | deel A
2 gk

ZAH|EE|2 B -lactamase (VPAQ477)2| SX% EXl

A71Ago] 2% FHnHe] e RIMD2210633 +5=2] B-
lactamase (VPA0477)= 22 A A o] 2R 6l= GHA =2 283
7N e] opm|i=Aito = o] fojA glow FBAFE oF 31.7 kDal
2 X 11%6] 9Jti(Makino et al., 2003). T}= H|H 2] 2 £9] -
lactamase 72 A}Fof| T3 A+L+= V. cholerae (Choury et al.,
1999), V. harveyi (Teo et al., 2000), V. fisheri (Weng et al.,
2004)0| = HaE]o] Qi AgH|E 2] 2 9] VPA0477 - A}
@} V. cholerae, V. harveyi R V. fisheri2] B-lactamase -3-A &}
QO] A5 67%, 15%, 671% = 73 3] = Ho|%lth(data
not shown). ©]5 B-lactamase -4 2}2] A DNAo] A 2
ZAA = ol whet Eet AHu[Ee] e RIMD2210633, V.
harveyi ATCC BAA-1116, Vibrio sp. Ex25% 22 GA1A o
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Strain 3
Strain 10
Strain 41
Strain &1
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BIFMD2210633
HStrain 3
Strain 10
Strain 41
Strain 61
Stradin 17

Fig. 2. Nucleotide sequence determination and amino acid sequence alignment of the 3-lactamases of Vibrio parahaemolyticus iso-
lated from seawater strains. Amino acid sequence identical to those V. parahaemolyticus RIMD2210633 are indicated with dots.

rlo iy

A SH= Wk, V. cholerae, V. fisheri ES114, V. fisheri MJ11
= Ao £A5}aL ¢lth(data not shown). V. cholerae®]
B-lactamase (VCM661503)+= 2887]2] ofn|i-AbO &2 JLA ]
o] Q1o V. harveyi (VIBHAR06370), V. fisheri (VF1099),
Vibrio sp. Ex25 (VEA001392)%= #6Ju] H 2] ¢ o} 015 283
7)9] ofuiAko & o] RolA k= F-F Aol AUthFig. 1). °]
= B-lactamase= N-UTHHE] 197] o]l Al Tl zlS A
3L 8o 2 HH|sl= 7]5o) Toldh= signal peptide©], Class
A T1229] B-lactamaseo] &3ich A H ] 2= xS v H
2] @& B-lactamase®] ofu| Ak A E-2 Fig. 19] H|u 3}t
Penicillin binding proteins (PBPs)2} serine B-lactamase 2] €4
Holo EAst= EAA A ofw=At A A<l STFK+= VPA0477
AL ofw| At A 62-65 9A]of A5, B-lactamase ]
SDN loop A g2 122-124 &) o) &Af3}aL 1t} E3E Class A
B-lactamase 2] E3) & 9] ofu]lz Ak A ¥ 2] glutamic acid= 163
9)x]], RSG ofu| At HAL: 226-2282] 9} 2] ZAfat1L o)
o} A H| H2] 9 9] VPAO47T §- A= H| Be] @ &of| A B arg
Class A group B-lactamase®] 5 Q3F {122 £ ofu] Al A
o10] Folat 9l 2lofl =Afat it op]a} A vl fAl}
th= EA] 0 & u]Zo] Class A group B-lactamaseo]] 43tchal
shehec,

¢

MIC7t CHE FF2| VPA0477

w50l e} ampicillin W/ oll thgt MIC7} ok o] -5 ¥
5]7] &Jste] MIC7} Z2H2 o2 2,048 (strain 3), 1,024(strain
10), 512(strain 41), 128(strain 61)d <2 pg/mL (strain 17) 5
N 35 AWsto] ZF #529] VPA0477 % 442] DNA ¢
1M EE AT o ofnieite 2 AJghsto] A H| E e
9 RIMD2210633 «+32] VPA04772} v ws}&cth(Fig. 2).
Fig. 20| LFeRWl ule} 20| ampicillin] o3 MIC7} 22k
£ deie e Ee e 57 59 VPA0477 - =
RIMD?2210633 52| VPA0477%} 53174 2837]9] ofu|i
ARo 2 ofofA glom, oA FHE AR 47) 259 of
vl Al A9 eSSt Ampicillin U #)5ke] )
B Qe 47 w59 48 A ofu] oAb glutamic acidQ] BHA
RIMD2210633 w5+ lysine©| ™, 1424 o}u] = AR Jeucine
¢l ¥hH RIMD2210633 w5+ glutamine ©. 2 ©HA] 271 9] o}]
gbol A Zpol7h Adth. ]t 7/ ot F(strain 17)9] 7%,
97HA| ofu|=Ako] cysteine?] HHH L Z| w55+ tryptophan
oS B T Aoli= i3Itk webd U3 ofnlAt Zjo]
2] ampicillino] T3t MIC7} chE ok 48 Awar|o)s 2
2)7} gichn werch

FEIXtel DNA @7 (M8 23
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RIMDZ210633
Strain 2
Strain 10
Strain 41
Strain &1
Strain 17

RIMDZ210633
Strain 3
Strain 10
Strain 41
Strain &1
Strain 17

RIMDZ2210633
Strain 3
Etrain 10
Strain 41
Strain 61
Strain 17

Fig. 3. Nucleotide sequence determination and comparison of the VPA0477 gene promoter region of Vibrio parahaemolyticus iso-
lated from seawater strains. Positions of the putative -35 and -10 sequences are underlined. Deletion nucleotide is boxed. Nucleo-
tides identical to those V. parahaemolyticus RIMD2210633 are indicated with dots.
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Fig. 4. Genes organization of the region containing the VPA0477 gene in Vibrio parahaemolyticus RIMD2210633 strain.
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Fig. 5. Agarose gel electrophoresis of DNA products amplified
in LA-PCR assay. M, A/HindIII; lane 1, RIMD2210633; lane
2, strain 3; lane 3, strain 10; lane 4, strain 41; lane 5, strain 61;
lane 6, strain 17.
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